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[57] ABSTRACT 
A novel implementation of a tape automated bonding 
process of attaching leads to a semiconductor die is 
disclosed which utilizes a method of attaching tape 
leads which extend across the interior surface of the die 
rather than radially outwardly from the die. Two-layer 
or three-layer tape construction is used, with the insula 
tion being located between the top of the die and the 
leads. This technique enables lead placement on oppo 
site sides of the die in interdigitated fashion, allowing 
die to be installed on a circuit board more closely adja 
cent than has previously been possible. 

33 Claims, 6 Drawing Sheets 
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INTERDIGITATED TRANS-DIE LEAD METHOD 
OF CONSTRUCTION FOR MAXIMIZING 

POPULATION DENSITY OF CHIP-ON-BOARD 
CONSTRUCTION 

IDENTIFICATION OF RELATED PATENT 
APPLICATION 

This application is related to a concurrently ?led 
copending patent application, U.S. Ser. No. 07/522,950, 
entitled “Interdigitated Trans-Die Lead Construction 
for Maximizing Population Density of Chip-On-Board 
Construction.” 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to a tape auto 
mated bonding (TAB) process of attaching leads to a 
semiconductor die, and more particularly to a method 
of attaching tape leads which extend across the interior 
surface of the die rather than radially outwardly from 
the die, thus enabling lead placement on opposite sides 
of the die in interdigitated fashion allowing die to be 
installed on a circuit board more closely adjacent than 
has previously been possible. 
Assembly technology used in the manufacture of 

integrated circuit chips has been evolving rapidly, mov 
ing away from traditional packaging as individual pin 
mounted devices which are installed on printed circuit 
boards (PCB’s). The maximum density of such pin 
mounted devices is limited by the physical size of the 
package the die is mounted in, a constraint which the 
increasing complexity of circuits, particularly in mem 
ory applications, has found to be unacceptable. 
The alternative has been found in chip-on-board 

(COB) technology, in which the semiconductor die is 
physically mounted on a printed circuit board. In chip 
on-board construction, the chip is adhesively secured in 
position on usually the surface of a printed circuit 
board. Typically, in chip-on-board applications, gold 
wire bonding has then been used to connect terminal 
pads on the die to lands (bond pads) on the printed 
circuit board. This construction has increased packag 
ing density, but presents several disadvantages. 

First, wire bonding has distinct density limits, beyond 
which reliable construction is simply not physically 
possible. Since the wires extend upward at one end from 
the terminal pads on the die, and upward at the other 
end from the lands on the printed circuit board, they are 
subject to problems with adjacent wires shorting to 
gether in closely spaced construction. In addition, the 
height of the assembly is signi?cantly increased by the 
construction, since the wires lead upward at their con 
nections to the terminal pads on the die. The lead length 
and conductor shape in wire bonding technology are 
not optimized, resulting in large lead inductances and 
lead-to-lead capacitances. 
Lead technology took a quantum leap forward with 

the development of tape automated bonding techniques. 
In tape automated bonding, a pattern of ?at leads are 
created on a segment of tape. An inner-lead bonding 
(ILB) operation is carried out to connect the ?at leads 
to the terminal pads on the die. The die and its attached 
leads are removed from the tape, and the leads are 
formed into a gull wing con?guration. The die is then 
adhesively mounted onto a printed circuit board, and an 
outer-lead bonding (OLB) operation is carried out to 
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2 
connect the ?at connectors to the lands on the printed 
circuit board. 
For an excellent introduction to tape automated 

bonding, see “An Introduction to Tape Automated 
Bonding & Fine Pitch Technology,” technical report 
SMC-TR-OOl, published by the Surface Mount Council 
in January, 1989. This technical report is hereby incor 
porated herein by reference. 
The tape used in tape automated bonding may be 

single-layer tape, two-layer tape, or three-layer tape. 
Single-layer tape is a conductive foil without any insu 
lating layer. Two-layer tape is a conductive layer adja 
cent an insulating layer. Three-layer tape uses an adhe 
sive layer between a conductive layer and an insulating 
layer. Additional special application tapes may be used 
with multiple metal layers. 
The metal layer is made into a pattern of leads using 

photo imaging and etching processes well known in the 
art. The inner-lead bonding requires a procedure known 
as “bumping,” which is the formation of a raised metal 
feature on either the die terminal pads or on the ends of 
the ?at leadsbn the tape to be attached to the terminal 
pads on the die. The tape is positioned with respect to 
the die, and a sequential inner-lead bonding operation 
may be performed using either thermocornpression, 
thermosonic bonding, ultrasonic bonding, laser bond 
ing, or reflow bonding. Alternately, simultaneous inner 
lead bonding may be performed using either thermo 
compression bonding or reflow bonding. At this point 
the die may be tested using the newly attached leads. 
At this point the die together with the leads and the 

portions of the insulating layer adjacent the die (herein 
after called the leaded die) may be excised from the 
tape. The leads may then be formed in gull wing fashion 
if desired, extending down from the top of the die. At 
this point, the unattached ends of the leads are also 
formed for attachment into a ?at array. If desired, the 
die may be encapsulated with a protective coating to 
protect it against contaminants and the environment. 
The leaded die may then be installed on a printed 

circuit board. Typically, an adhesive is used to retain 
the die in place on the printed circuit board, and to 
provide heat sinking between the die and the printed 
circuit board. An outer-lead bonding operation is then 
performed to attach the flat leads to the lands. This 
bonding operation may be performed a lead at a time 
using a single-point bonder and therrnocompression 
bonding, thermosonic bonding, ultrasonic bonding, 
reflow, or the use of conductive adhesives. Alternately, 
simultaneous bonding of all of the leads to the lands may 
be performed using ther'mocompression bonding, re 
?ow bonding, or the use of conductive adhesives. 
The use of chip-on-board technology and tape auto 

mated bonding technology together has thus allowed a 
quantum leap in miniaturization efforts, both in board 
area and in component height due to the gull wing lead 
con?guration. The problems associated with wire bond 
ing are eliminated, with lead density increasing dramati 
cally and shorting being eliminated as a problem. Lead 
inductances are lowered, and lead-to-lead capacitance is 
minimized. Additional advantages are stronger lead 
connections, the ability to pretest and burn in the chip 
before installation on the printed circuit board, the re 
quirement of less gold than wire bonding and the ability 
to mass bond, both of which lower costs, and the en 
hancement of high speed operation due to minimization 
of lead length. 
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Thus, tape automated bonding as used to implement 
chip-on-board construction has resulted in a package ’ 
which has been thought to absolutely maximize packag 
ing density, minimizing the board space needed to im 
plement a particular design. The area required to install 
a chip and its leads is the actual area of the chip, plus the 
area required by the leads surrounding the chip. In 
chips having a large number of leads, the leads radiate ‘ 
outwardly from all sides of the chip. In chips having a 
smaller number of leads, the leads may emanate from 
two opposite sides of the chip. 
One area in which is has become increasingly more 

important to concentrate a large number of chips in the 
smallest area possible is in the memory expansion board 
area. Personal computers increasingly have had applica 
tions in which it is desirable to have a large amount of 
memory. The race to put the most memory into the 
least space has been incredibly competitive, and has 
used the chip-on-board and tape automated bonding 
technologies described above. 

It is accordingly the primary objective of the present 
invention that the chip-on-board and tape automated 
bonding technologies be utilized to further minimize the 
board area required to mount chips such as, for exam 
ple, memory chips. It is thus an objective of the present 
invention to reduce to an absolute minimum the board 
space required to mount chips, thereby maximizing 
density to the greatest degree possible. In increasing the 
density of chip mounting, none of the advantages ob 
tained through tape automated bonding may be sacri 
?ced to any degree. The cost of the increased density 
must be minimal to enable that more compact designs 
may be sold at a price not signi?cantly higher than 
competing lower density designs. It is also an objective 
that all of the aforesaid advantages and objectives be 
achieved without incurring any substantial relative dis 
advantage. 

SUMMARY OF THE INVENTION 

The disadvantages and limitations of the background 
art discussed above are overcome by the present inven 
tion. With this invention, tape automated bonding leads 
emanate from a chip in a fashion enabling interdigita 
tion. lnterdigitation is de?ned as the leads on one side of 
a ?rst chip meshing with the leads on the adjacent side 
of a second chip. Thus, the space between two chips 
requires only room to mount a single set of leads rather 
than two adjacent sets of leads. A single row of lands is 
used in the area between the two chips, with leads from 
both of the chips being connected to the lands. 

In the preferred embodiment, three sets of leads ema 
nate from opposite sides of a chip. On a ?rst side of the 
chip, leads emanate from the top portion of the ?rst side 
of the chip and the bottom portion of the ?rst side of the 
chip. On a second side of the chip, leads emanate from 
the central portion of the second side of the chip. Thus, 
it will be appreciated by those skilled in the art that 
when two chips of this design are placed side-to-side on 
a printed circuit board, the leads emanating from the 
central portion of the second side of the ?rst chip will 
be located between (interdigitated between) the leads 
emanating from the top and bottom portions of the ?rst 
side of the second chip. 

Alternative designs have leads placed in different 
positions also enabling interdigitation. In a ?rst alter 
nate embodiment, the leads on a ?rst side of a chip 
emanate from the bottom half of the ?rst side of the 
chip. Leads on a second side of the chip emanate from 

15 

25 

40 

45 

55 

60 

65 

4 
the top half of the second side of the chip. In a second 
alternative embodiment, the leads on both a ?rst side 
and a second side of a chip emanate from the bottom 
half (or top half) of the chip. Alternating chips are in 
verted when the chips are mounted. 

Unless a chip is speci?cally designed with its terminal 
pads located to accommodate the lead locations de 
scribed above, current technology will not allow such 
construction. The key to the interdigitated lead design 
of the present invention is an expansion of tape auto 
mated bonding technology to place portions of the flat 
leads above the surface of the die rather than merely 
radially emanating from the sides of the die. Thus, the 
present invention uses a lead circuit design partially 
over the surface of the die to facilitate having leads 
connected at any point on the die emanate from the two 
opposite sides of the die in the fashion described above. 

Thus, the present invention allows standard die de 
signs to be used in the construction of leaded die having 
interdigitated leads. This interdigitation enables the 
absolute minimization of the area required by each chip, 
maximizing density of an assembled device In fact, the 
printed circuit board area required for each chip is 
reduced by at least approximately 20 percent. 

It may therefore be seen that the present invention 
teaches an expansion of the chip-on-board and tape 
automated bonding technologies which is utilized to 
further minimize the board area required to mount 
chips. The present invention thus reduces to an absolute 
minimum the board space required to mount chips, 
thereby maximizing density to the greatest degree possi 
ble. In increasing the density of chip mounting, none of 
the advantages obtained through tape automated bond 
ing are sacri?ced to any degree. The cost of the in 
creased density is minimal, thus enabling the more com 
pact designs to be sold at a price not signi?cantly higher 
than competing lower density designs. Finally, all of the 
aforesaid advantages and objectives are achieved with 
out incurring any substantial relative disadvantage. 

DESCRIPTION OF THE DRAWINGS 

These and other advantages of the present invention 
are best understood with reference to the drawings, in 
which: 
FIG. 1 is a top plan view of a segment of blank tape 

made of insulating material with several windows 
punched therein; 
FIG. 2 is a side view of the tape segment shown in 

FIG. 1, showing a conductive layer attached to an ad— 
hesive layer on the layer of insulating material; 
FIG. 3 is plan view of the three-layer tape segment 

shown in FIG. 2, with the conductive layer etched to 
form a plurality of leads; 
FIG. 4 is a top plan view of a semiconductor wafer 

etched into a plurality of die; 
FIG. 5 is a top plan view of one of the die contained 

in the semiconductor wafer of FIG. 4; 
FIG. 6 is a side view of a portion of the die shown in 

FIG. 5, showing a bump mounted over a terminal pad 
on the die in a sealing manner, also showing a portion of 
a ?at lead; 
FIG. 7 is a top plan view of the three-layer tape seg 

ment of FIG. 3 inner-lead bonded to the die shown in 
FIG. 5, with the leaded die excised from the tape car 
ner; 
FIG. 8 is a side view of the leaded die of FIG. 7, with 

the leads formed for mounting on a printed circuit 
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board, also showing the encapsulation layer over the 
top of the die; 
FIG. 9 is a top plan view of the fully assembled 

leaded die shown in FIG. 8; 
FIG. 10 is a top plan view of a portion of a printed 

circuit board showing the lands for receiving the outer 
leads of the fully assembled leaded die shown in FIG. 9; 
FIG. 11 is a top plan view showing three of the leaded 
die of FIG. 9 installed in interdigitated fashion on a 
printed circuit board; 
FIG. 12 is a front plan view of an 8M memory board 

using the interdigitated assembly of the present inven 
tion; 
FIG. 13 is a side view of the 8M memory board of 

FIG. 12; ' 

FIG. 14 is a back plan view of the 8M memory board 
of FIGS. 12 and 13; 
FIG. 15 is a top plan view showing three leaded die 

of a ?rst alternate embodiment interdigitated lead de 
sign on a printed circuit board; and 
FIG. 16 is a top plan view showing three leaded die 

of a second alternate embodiment interdigitated lead 
design on a printed circuit board. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The preferred embodiment of the present invention is 
illustrated herein with regard to an exemplary design 
useful to illustrate the principles of the present inven 
tion. The construction of a leaded die for installation on 
a printed circuit board will be described. It will be 
apparent to those skilled in the art that a number of 
changes in implementation may be made without de 
parting from the spirit of the present invention. 

Referring ?rst to FIG. 1, a segment of insulating 
material 30 is illustrated; it will be understood that the 
segment of insulating material 30 is part of a continuous 
roll of tape in which the same segment shown will be 
repeated. The segment of insulating material 30 is made 
of a material which is an insulator, typically polyimide, 
which will act as a carrier for the leads (not shown in 
FIG. 1). The segment of insulating material 30 has four 
apertures 32, 34, 36, and 38 punched therein. 

Referring now to FIG. 2, it may be seen that the 
segment of insulating material 30 has a layer of adhesive 
material 40 thereon which adhesive material also acts as 
a carrier. Note that the layer of adhesive material 40 
may be present on the segment of insulating material 30 
when the apertures 32, 34, 36, and 38 are punched 
therein. A conductive layer 42 is installed on top of the 
layer of adhesive material 40. The conductive layer 42 is 
typically made of copper, with gold plating thereon. 
Note that for the present invention either a two-layer 
tape or the three-layer tape shown may be utilized. If a 
two-layer tape (not shown) is used, the apertures 32, 34, 
36, and 38 would be chemically etched in the insulating 
layer. 
The conductive layer 42 is photo-imaged and etched 

using standard techniques to produce the desired lead 
layout. Referring next to FIG. 3, a lead pattern is shown 
implemented on the segment of insulating material 30. 
This lead pattern differs radically from previously 
known patterns in that the leads travel over an area 
which will be mounted over a semiconductor die (not 
shown in FIG. 3). Typically, leads used in tape auto 
mated bonding processes terminate directed radially 
outwardly over what will be the edge of the die. In the 
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6 
present invention, the leads extend inwardly over an 
area which will be mounted over the die. 

In the example shown there are eighteen leads 44A, 
44B, 44C, 44D, 44E, 44F, 44G, 44H, 441, 44], 44K, 44L, 
44M, MN, 440, 44P, 44Q, and 44R. Each of these leads 
terminates in a ?rst end portion which extends over the 
edge of the segment of insulating material 30 into either 
the aperture 32 or the aperture 34. These portions will 
be attached to the semiconductor die (not shown in 
FIG. 3). Intermediate portions of the leads are arranged 
in three groups. 
The intermediate portions of the leads 44A, 44B, 44C, 

44D, and 44E extend leftwards over the left portion of 
the aperture 32. The intermediate portions of the leads 
44F, 44G, 44H, 441, and 44] extend leftwards over the 
left portion of the aperture 34. The intermediate por 
tions of the leads 44K, 44L, 44M, MN, 440, 44P, 44Q, 
and 44R extend rightward over the aperture 36. These 
segments of the leads will eventually comprise the sec 
ond end portions of the leads. 
Each of the leads has a test pad associated therewith, 

which test pads 46A, 46B, 46C, 46D, 46E, 46F, 46G, 
46H, 461, 46.], 46K, 46L, 46M, 46N, 460, 46F, 46Q, and 
46R are located at the ends of the leads 44A, 44B, 44C, 
44D, 44E, 44F, 44G, 44H, 441, 44], 44K, 44L, 44M, 
MN, 440, MP, 44Q, and 44R, respectively. As those 
skilled in the art will well know, it is common to have 
the leads tied together when they are etched, so that 
they will all be common. If they are tied together, it will 
likely be through the test pads. 

Referring next to FIG. 4, an etched semiconductor 
wafer 48 is illustrated. On the etched semiconductor 
wafer 48 are a plurality of die 50, one of which is shown 
in FIG. 5. The die 50 as manufactured has a plurality of 
terminal pads 52 thereon, which are typically made of 
aluminum. One of these terminal pads 52 is shown in 
FIG. 6, mounted on a silicon substrate 54. A passivation 
layer 56 is located over the top surface of the die 50, 
leaving openings only where the terminal pads 52 are 
located. The passivation layer 56 is an insulating layer 
used to protect the surface of the die 50 from contami 
nation, moisture, and foreign particles, and is typically 
made of silicon nitride (preferred), silicon oxide, or 
doubly-applied polyimide. 

In tape automated bonding, a bump must be installed 
either on each of the terminal pads 52 (FIG. 6), or on 
each of the leads 44 (FIG. 3). In the preferred embodi 
ment, the bumps are installed on the terminal pads 52. 
As shown in FIG. 6, in the preferred embodiment the 
die 50 is manufactured with a smaller window in the 
passivation layer 56 above each of the terminal pads 52, 
so that the passivation layer 56 overlies a portion of 
each of the terminal pads 52 on the periphery thereof. 
An adhesion layer of metal 58 is plated over the termi 
nal pads 52, and a bump 60 is plated over the adhesion 
layer of metal 58. 
The bump 60 is typically made of gold for good adhe 

sion characteristics. The bump 60 hermetically seals the 
window in the passivation layer 56 since the top of the 
bump 60 is larger than the window in the passivation 
layer 56. Typically the bumps 60 are installed on the die 
50 before the etched semiconductor wafer 48 is sepa 
rated into individual die. In FIG. 5, twenty-one bumps 
are designated 60A, 60B, 60C, 60D, 60E, 60F, 606 
(three bumps), 60H, 60], 60J, 60K, 60L, 60M, 60N, 600 
(two bumps), 6GP, 60Q, and 60R. 
The next step is inner-lead bonding, in which the first 

end portions of the leads 44A, 44B, 44C, 44D, 44E, 44F, 
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44G, 44H, 441, 44], 44K, 44L, 44M, MN, 440, 44P, 44Q, 
and 44R are bonded onto the bumps 60A, 60B, 60C, 
60D, 60E, 60F, 60G (three bumps), 60H, 601, 60], 60K, 
60L, 60M, 60N, 600 (two bumps), 60F, 60Q, and 60R, 
respectively (one such end of a lead 44 is illustrated in 
FIG. 6). The die 50 (FIG. 5) is positioned with respect 
to the segment of insulating material 30 (FIG. 3), and 
the inner-lead bonding process is performed. This oper- ' 
ation may be performed sequentially by thermocom 
pression bonding, thermosonic bonding, ultrasonic 
bonding, laser bonding, or re?ow bonding. It may also 
be performed simultaneously by thermocompression 
bonding or re?ow bonding. 
As mentioned above, it is common to have the leads 

tied together when they are etched, so that they will all 
be common (although this con?guration is not shown in 
the drawings). If this type of construction is used, the 
common connectors may at this point be excised to 
separate the leads into individual leads. Testing and 
burning in may then be performed on the die 50, using 
the test pads 46A, 46B, 46C, 46D, 46E, 46F, 46G, 46H, 
461, 46], 46K, 46L, 46M, 46N, 460, 46?, 46Q, and 46R 
(FIG. 3). . 

Following testing, the die 50 together with the leads 
(which will be referred to as the leaded die 62) may be 
removed from the rest of the segment of insulating 
material 30. The leads 44A, 44B, 44C, 44D, and 44E are 
cut over the left edge of the aperture 32 (FIG. 3). The 
leads 44F, 44G, 441-1, 441, and 44] are cut over the left 
edge of the aperture 34. The leads 44K, 44L, 44M, 44N, 
440, 44P, 44Q, and 44R are cut over the right edge of 
the aperture 36. This forms the second end portions of 
the leads. The segment of insulating material 30 is cut 
around the outline of the die 50, leaving a smaller seg 
ment of insulating material 30A. The resulting leaded 
die 62 appears as shown in FIG. 7. 
As noted above, the construction of the leaded die 62 

differs substantially from the previously known tech 
nique. Previous technique was to have the leads ema 
nate radially outwardly from the edge of the die. The 
present invention actually does the opposite in that the 
leads emanate inwardly instead of outwardly, eventu 
ally changing direction and coming out over the die. 
This radical difference in design has the bene?cial effect 
of providing greater strength. 

In the preferred embodiment, an encapsulation layer 
64 (FIGS. 8 and 9) is placed on the top of the leaded die 
62. The aperture 38 is provided for this purpose; an 
encapsulate material is flowed through the aperture 38 
to cover the top of the die 50. The encapsulate material 
is also flowed over the top of the smaller segment of 
insulating material 30A and those portions of the leads 
44 located above the die 50. The encapsulate material 
may be an epoxy, a silicone, or a polyimide. The encap 
sulation layer combined with the fact that the leads go 
inwardly on the die results in a lead strength which is 
substantially greater than anything previously known in 
the art. ‘ 

Referring now to FIG. 8, the conductors 44 which 
extend from the sides of the leaded die 62 are bent as 
shown to prepare the leaded die 62 for installation onto 
a printed circuit board. This is referred to as a formed 
mount. (Alternately, the leads 44 may be left straight, 
and the leaded die 62 may be installed in an upside 
down position in an inverse or "flip” mount, or over an 
aperture which will receive the die 50 in a flat mount.) 
The leaded die 62 is now completed, and ready for 
installation onto a printed circuit board. 
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Referring next to FIG. 10, a portion of a printed 

circuit board 66 is shown which has eighteen lands 68A, 
68B, 68C, 68D, 68E, 68F, 68G, 68H, 681, 681, 68K, 68L, 
68M, 68N, 680, 68?, 68Q, and 68R mounted thereon in 
position for receiving the eighteen leads 44A, 44B, 44C, 
44D, 44E, 44F, 44G, 44H, 441, 44], 44K, 44L, 44M, 
44N, 440, 44?, 44Q, and 44R of the leaded die 62 (FIG. 
9), respectively. The leaded die 62 of FIG. 9 may be 
mounted on the printed circuit board 66 with or with 
out adhesive. Adhesive is useful in certain applications 
to provide a heat channel between the die 50 and the 
printed circuit board 66. 
With the leaded die 62 properly positioned with re 

spect to the printed circuit board 66, the outer-lead 
bonding process may be performed. This operation may 
be performed sequentially by thermocompression bond 
ing, thermosonic bonding, ultrasonic bonding, reflow 
bonding, or through the use of conductive adhesives. It 
may also be performed simultaneously by thermocom 
pression bonding, re?ow bonding, or through the use of 
conductive adhesives. 
A number of applications, such as memory cards, call 

for a number of the leaded die 62 to be installed in close 
proximity on a printed circuit board. Referring next to 
FIG. 11, the utility of the present invention will be 
made readily apparent. Three leaded die 62 are shown 
installed on the printed circuit board 66. Note that the 
leads on the right side of the left-most leaded die 62 fit 
between the leads on the left side of the center leaded 
die 62. Similarly, the leads on the right side of the center 
leaded die 62 ?t between the leads on the left side of the 
right-most leaded die 62. Thus, the leaded die 62 may be 
installed in a signi?cantly higher density than was possi 
ble with previous assembly techniques. 

Referring next to FIGS. 12 through 14, an example of 
the utility of the present invention is illustrated. An 8M 
memory card 70 is illustrated having 36 leaded die 62 
(and other components unimportant in this context) 
installed on each side of the card 70. The dimensions of 
the card 70 are 4.25 inches long by 1 inch high by 0.1 
inches thick. This is considerably smaller than possible 
with previous technology. 

Referring next to FIG. 15, a ?rst alternate embodi 
ment is illustrated which has the leads on the left side of 
a leaded die 62A emanating from the bottom half of the 
left side of the leaded die 62A. Leads on the right side 
of the leaded die 62A emanate from the top half of the 
right side of the leaded die 62A. Thus the leads may be 
interdigitated when the leaded die 62A are installed. 

Referring now to FIG. 16, a second alternative em 
bodiment is illustrated in which the leads on both the 
left side and the right side of a leaded die 62B emanate 
from the bottom half (or alternately the top half) of the 
leaded die 62B. Alternating leaded die 62B are inverted 
when the leaded die 62B are mounted, as shown. Thus 
the leads may be interdigitated when the leaded die 62B 
are installed. 

It may therefore be appreciated from the above de 
tailed description of the preferred embodiment of the 
present invention that it teaches an expansion of the 
chip-on-board and tape automated bonding technolo~ 
gies which is utilized to further minimize the board area 
required to mount chips. The present invention thus 
reduces to an absolute minimum the board space re 
quired to mount chips, thereby maximizing density to 
the greatest degree possible. In increasing the density of 
chip mounting, none of the advantages obtained 
through tape automated bonding are sacri?ced to any 
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degree. The cost of the increased density is minimal, 
thus enabling the more compact designs to be sold at a 
price not signi?cantly higher than competing lower 
density designs. Finally, all of the aforesaid advantages 
and objectives are achieved without incurring any sub 
stantial relative disadvantage. 
Although an exemplary embodiment of the present , 

invention has been shown and described, it will be ap 
parent to those having ordinary skill in the art that a 
number of changes, modi?cations, or alterations to the 
invention as described herein may be made, none of 
which depart from the spirit of the present invention. 
All such changes, modi?cations, and alterations should 
therefore be seen as within the scope of the present 
invention. 
What is claimed is: 
1. A method of attaching leads to a semiconductor die 

having a plurality of terminal pads about the periphery 
thereof, comprising: 

providing a tape comprising a thin, ?at layer of insu 
lating material having a thin, ?at layer of conduc 
tive material disposed thereon, said layer of insulat 
ing material having a plurality of apertures therein; 

removing a portion of the layer of conductive mate 
rial to form a plurality of conductive leads each 
having a ?rst end and a second end, said ?rst end of 
each of said leads extending over an aperture in 
said layer of insulating material, said second end of 
each of said leads extending over an aperture in 
said layer of insulating material; 

positioning said semiconductor die below said tape 
with said ?rst ends of said leads each extending 
over a corresponding terminal pad on said semi 
conductor die, the portion of each of said leads 
adjacent said ?rst end of each of said leads extend 
ing inwardly from the periphery of said semicon 
ductor die over the surface of said semiconductor 
die, said second end of each of said leads extending 
outwardly from the periphery of said semiconduc 
tor die; 

electrically connecting each of said ?rst ends of said 
leads to the corresponding terminal pad on said 
semiconductor die said ?rst end of said lead ex 
tends over; and 

cutting said tape to remove said semiconductor die, 
the portion of said layer of conductive material 
above said semiconductor die, and said leads from 
said tape. 

2. A method as de?ned in claim 1, wherein said tape 
is a two-layer tape automated bonding tape. 

3. A method as de?ned in claim 2, wherein said aper 
tures in said layer of insulating material are chemically 
etched. 

4. A method as de?ned in claim 1, wherein said tape 
is a three-layer tape automated bonding tape having an 
intermediate layer of adhesive between said layer of 
insulating material and said layer of conductive mate 
rial. 

5. A method as de?ned in claim 4, wherein said aper 
tures in said layer of insulating material are punched 
prior to said layer of conductive material being installed 
on said layer of insulating material. 

6. A method as de?ned in claim 1, wherein said re 
moving step is performed using a photo imaging and 
etching process. 

7. A method as de?ned in claim 1, wherein said insu 
lating layer is made of polyimide. 
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8. A method as de?ned in claim 1, wherein said layer 

of conductive material is made of copper. 
9. A method as de?ned in claim 8, wherein said layer 

of conductive material is plated with gold. 
10. A method as de?ned in claim 1, additionally com 

prising: ' 

bumping said terminal pads on said semiconductor 
die prior to said positioning step. 

11. A method as de?ned in claim 10, wherein said 
bumping step is performed using gold as the material for 
bumping said terminal pads on said semiconductor die. 

12. A method as de?ned in claim 10, wherein said top 
surface of said semiconductor die is covered by a pas 
sivation layer leaving openings only where said termi 
nal pads are located, said passivation layer overlying a 
portion of each of said terminal pads on the periphery 
thereof, and wherein the bump produced by said bump 
ing step overlies a portion of said passivation layer, 
thereby providing a hermetic seal. 

13. A method as de?ned in claim 12, wherein said 
passivation layer is made of silicon nitride. 

1,4. A method as de?ned in claim 1, additionally com 
prising: - 

bumping'said ?rst ends of said conductive leads on 
the side facing said layer of insulating material 
prior to said positioning step. 

15. A method as de?ned in claim 1, wherein said 
electrically connecting step comprises: 

sequentially bonding each of said ?rst ends of said 
conductive leads to a corresponding terminal pad 
on said semiconductor die using a process from the 
group consisting of thermocompression bonding, 
thermosonic bonding, ultrasonic bonding, laser 
bonding, and reflow bonding. 

16. A method as de?ned in claim 1, wherein said 
electricallyconnecting step comprises: 

simultaneously bonding each of said ?rst ends of said 
conductive leads to a corresponding terminal pad 
on said semiconductor die using a process from the 
group consisting of thermocompression bonding 
and re?ow bonding. 

17. A method as de?ned in claim 1, additionally com 
prising: 

testing said semiconductor die after said electrically 
connecting step and before said cutting step. 

18. A method as de?ned in claim 1, additionally com 
prising: 

burning in said semiconductor die after said electri 
cally connecting step and before said cutting step. 

19. A method as de?ned in claim 1, additionally com 
prising: _ 

encapsulating the top of said semiconductor die using 
an encapsulate material covering said layer of insu 
lating material and the portions of said leads lo 
cated above said semiconductor die. 

20. A method as de?ned in claim 19, wherein an 
aperture is located in said layer of insulating material to 
allow said encapsulate material to ?ow therethrough to 
cover the top of said semiconductor die. 

21. A method as de?ned in claim 19, wherein said 
encapsulate material is made of an element from the 
group consisting of epoxy, silicone, and polyimide. 

22. A method as de?ned in claim 1, additionally com 
prising: 

bending said second ends of said leads in gull wing 
fashion to facilitate installation of said semiconduc 
tor die on a printed circuit board. 
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23. A method as de?ned in claim 1, additionally com 
prising: 

grouping said second ends of said leads to facilitate 
interdigitation of leads on adjacent ones of said 
semiconductor die. 

24. A method as de?ned in claim 23, wherein said 
second ends of said leads are grouped in ?rst, second, 
and third groups extending from a ?rst and second 
opposite sides of said semiconductor die, said ?rst and 
second sides each having a ?rst end and a second end, 
said ?rst group of leads emanating from the portion of 
said ?rst side of said semiconductor die adjacent said 
?rst end, said second group of leads emanating from the 
portion of said ?rst side of said semiconductor die adja 
cent said second end, said third group of leads emanat 
ing from a central portion of said second side of said 
semiconductor die intermediate said ?rst and second 
ends. 

25. A method as de?ned in claim 23, wherein said 
second ends of said leads are grouped in ?rst and second 
groups extending from a ?rst and second opposite sides 
of said semiconductor die, said ?rst and second sides 
each having a ?rst end and a second end, said ?rst group 
of leads emanating from the portion of said ?rst side of 
said semiconductor die adjacent said ?rst end, said sec 
ond group of leads emanating from the portion of said 
second side of said semiconductor die adjacent said 
second end. 

26. A method as de?ned in claim 23, wherein said 
second ends of said leads are grouped in ?rst and second 
groups extending from a ?rst and second opposite sides 
of said semiconductor die, said ?rst and second sides 
each having a ?rst end and a second end, said ?rst group 
of leads emanating from the portion of said ?rst side of 
said semiconductor die adjacent said ?rst end, said sec 
ond group of leads emanating from the portion of said 
second side of said semiconductor die adjacent said ?rst 
end. 

27. A method of attaching leads to a semiconductor 
die having a plurality of terminal pads about the periph 
ery thereof, comprising: 

providing a tape comprising a thin, ?at layer of insu~ 
lating material having a thin, ?at layer of conduc 
tive material disposed thereon, said layer of insulat 
ing material having a plurality of apertures therein; 

removing a portion of the layer of conductive mate 
rial to form a plurality of conductive leads each 
having a ?rst end and a second end, said ?rst end of 
each of said leads extending over an aperture in 
said layer of insulating material, said second end of 
each of said leads extending over an aperture in 
said layer of insulating material; ' ‘ 

bumping said terminal pads on said semiconductor 
die with gold; 

positioning said semiconductor die below said tape 
with said ?rst ends of said leads each extending 
over a corresponding terminal pad on said semi 
conductor die, the portion of each of said leads 
adjacent said ?rst end of each of said leads extend 
ing inwardly from the periphery of said semicon 
ductor die over the surface of said semiconductor 
die, said second end of each of said leads extending 
outwardly from the periphery of said semiconduc 
tor die, said second ends of said leads being 
grouped in ?rst, second, and third groups extend 
ing from a ?rst and second opposite sides of said 
semiconductor die to facilitate interdigitation of 
leads on adjacent ones of said semiconductor die, 
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said ?rst and second sides each having a ?rst end 
and a second end, said ?rst group of leads emanat 
ing from the portion of said ?rst side of said semi 
conductor die adjacent said ?rst end, said second 
group of leads emanating from the portion of said 
?rst side of said semiconductor die adjacent said 
second end, said third group of leads emanating 
from a central portion of said second side of said 
semiconductor die intermediate said ?rst and sec 
ond ends; 

electrically connecting each of said ?rst ends of said 
leads to the corresponding terminal pad on said 
semiconductor die said ?rst end of said lead ex 
tends over; and 

cutting said tape to remove said semiconductor die, 
the portion of said layer of conductive material 
above said semiconductor die, and said leads from 
said tape. 

28. A method of attaching leads to a semiconductor 
die having a plurality of terminal pads about the periph 
ery thereof, comprising: 

providing a tape comprising a thin, ?at layer of insu 
lating material having a thin, ?at layer of conduc 
tive material disposed thereon, said layer of insulat 
ing material having a plurality of apertures therein; 

removing a portion of the layer of conductive mate 
rial to form a plurality of conductive leads each 
having a ?rst end and a second end, said ?rst end of 
each of said leads extending over an aperture in 
said layer of insulating material, said second end of 
each of said leads extending over an aperture in 
said layer of insulating material; 

bumping said terminal pads on said semiconductor 
die with gold; 

positioning said semiconductor die below said tape 
with said ?rst ends of said leads each extending 
over a corresponding terminal pad on said semi 
conductor die, the portion of each of said leads 
adjacent said ?rst end of each of said leads extend 
ing inwardly from the periphery of said semicon~ 
ductor die over the surface of said semiconductor 
die, said second end of each of said leads extending 
outwardly from the periphery of said semiconduc 
tor die, said second ends of said leads being 
grouped to facilitate interdigitation of leads on 
adjacent ones of said semiconductor die; 

electrically connecting each of said ?rst ends of said 
leads to the corresponding terminal pad on said 
semiconductor die said ?rst end of said lead ex 
tends over; and 

cutting said tape to remove said semiconductor die, 
the portion of said layer of conductive material 
above said semiconductor die, and said leads from 
said tape. 

29. A method of attaching leads to a semiconductor 
die having a plurality of terminal pads, comprising: 

providing a tape comprising a layer of insulating 
material having a layer of conductive material 
disposed thereon, said layer of insulating material 
having a plurality of apertures therein; 

removing a portion of the layer of conductive mate 
rial to form a plurality of conductive leads each 
having a ?rst end and a second end, said ?rst and 
second ends of each of said leads each extending 
over an aperture in said layer of insulating material; 

electrically connecting each of said ?rst ends of said 
leads to a corresponding terminal pad on said semi‘ 
conductor die, the portion of each of said leads 



5,075,252 
_ 13 

adjacent said ?rst end of each of said leads extend 

ing inwardly from the periphery of said semicon 
ductor die over the surface of said semiconductor 

die, said second end of each of said leads extending 

outwardly from the periphery of said semiconduc 

tor die; and 
cutting said tape to remove said semiconductor die, 

the portion of said layer of conductive material 

above said semiconductor die, and said leads from 

said tape. 
30. A method of fabricating a semi-conductor die 

having a plurality of leads connected thereto compris 

ing: 
a) providing a die having a plurality of terminal pads, 

and a plurality of sides; 20 
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b) providing a plurality of leads, each of which have 

a rearward portion connected to a rear end and a 
forward portion connected to a forward end, 

c) positioning said leads over said die so that: 
1) said rearward portion extends over said die from 

the periphery of one side thereof inwardly of 
said die, and 

2) said forward portion extends over said die from 
the interior thereof outwardly to the periphery 
thereof at a side other than said one side, and 

d) connecting each said rear end of said leads to each 
terminal pad on one side of said die at the periphery 
thereof. 

31. The method of claim 30 wherein said leads are in 
the form of a tape. 

32. The method‘ of claim 31 wherein said tape in 
cludes an insulative support layer for said leads. 

33. The method of claim 32 wherein said support 
layer is disposed between the leads and said die. 
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